Hospitalized patients frequently have considerable volumes of blood removed for diagnostic testing which could lead to the development of hospital-acquired anemia. Low hemoglobin levels during hospitalization may result in significant morbidity for patients with underlying cardiorespiratory and other illnesses. We performed a retrospective study and data was collected using a chart review facilitated through an electronic medical record. A total of 479 patients who were not anemic during admission were included in analysis. In our study, we investigated the incidence of HAA and found that, between admission and discharge, 65% of patients dropped their hemoglobin by 1.0 g/dL or more, and 49% of patients developed anemia. We also found that the decrease in hemoglobin between admission and discharge did not differ significantly with smaller phlebotomy tubes. In multivariate analysis, we found that patients with longer hospitalization and those with lower BMI are at higher risk of developing HAA. In conclusion, our study confirms that hospital-acquired anemia is common. More aggressive strategies such as reducing the frequency of blood draws and expanding the use of smaller volume tubes for other laboratory panels may be helpful in reducing the incidence of HAA during hospitalization.
Introduction
Hospitalized patients frequently have considerable volumes of blood removed for diagnostic testing which may drop their hemoglobin and could lead to the development of hospital-acquired anemia (HAA) [1] . Although the cause of anemia associated with hospitalization is likely multifactorial, iatrogenic anemia due to phlebotomy has been described [1] [2] [3] . Low hemoglobin levels during hospitalization may result in significant morbidity for patients with underlying cardiorespiratory and other illnesses [2] . Packed red blood cell transfusion is usually required when the patients become symptomatic or when hemoglobin level is less than 7 g/dL, depending upon comorbid diseases. Blood products transfusion has the risks, including infectious and noninfectious complications [4] [5] [6] . Several strategies have been proposed in an attempt to reduce the risk of anemia due to phlebotomy, such as utilizing smaller volume blood tubes for diagnostic testing. However, there is limited research investigating whether a reduction in the size of the phlebotomy tube will reduce the incidence of anemia.
The primary objective of the study was to investigate the incidence of HAA. The impact of reducing the volume of blood taken from hospital patients by using smaller volume phlebotomy tubes on the decrease in hospitalized patients hemoglobin was investigated as a secondary objective. We hypothesized that, following the change in size to a smaller tube, the decrease in hemoglobin during hospitalization will be diminished when compared to a time period before use of the smaller volume tube was initiated. 
Reduction of Phlebotomy Tubes.
On May 16, 2011, a new smaller phlebotomy tube was implemented at RWMC. The hospital changed the size of the tube used for collecting a basic metabolic panel (BMP) from an 8.5 mL tube (BD 367988) to a 4.5 mL tube (BD 367962), a reduction in volume of 4 mL. This permitted delineation of two separate study groups: those hospitalized before (group A) and those hospitalized after (group B) implementation of reduced volume blood collection tubes. Comparing these two groups allowed us to assess whether the volume of the phlebotomy tube affects the drop in hemoglobin for hospitalized patients.
Eligibility Criteria.
We reviewed charts from patients admitted to the general internal medical floor at RWMC between January 2011 and October 2011. Patients over age of 18 admitted to internal medicine service during this period were included in the study. In order to determine whether the decrease in hemoglobin was related to the hospitalization or to their underlying illness, certain patients who met the following criteria were excluded from the study. Those patients who had acute medical conditions that may cause or contribute to the decrease in hemoglobin (including gastrointestinal bleeding, transfusion dependent anemia, a previous history of anemia, hemolysis, hemorrhagic stroke, retroperitoneal bleed, chronic kidney disease/dialysis, or any hematologic malignancy) or were treated with medications that may affect hemoglobin levels (including iron or erythropoietin or chemotherapy) were excluded. Those who had central or peripherally inserted central line placement, who received blood transfusion during hospitalization, and who were hospitalized for less than 2 days or were triaged to surgical, intensive care unit (ICU), cardiac care unit (CCU), and step-down unit (a transition unit for patients who were treated in the ICU or CCU) were also excluded. We also exclude patients who had hemoglobin in the anemic range (less than 13 g/dL for males and less than 12 g/dL for females according to the WHO criteria) on hospital admission.
Statistical Analysis.
Data was collected using a chart review facilitated through an electronic medical record. Statistical analysis was done using chi-square test for categorical variable and -test for numerical variable. Patients characteristics were compared based on age group (<65 years and ≥65 years) ( Table 1) .
In the first part of analysis, the incidence of anemia in hospitalized patients was analyzed using chi-square test. In the second part of analysis, the factors which can predict drop in hemoglobin were assessed using multiple regression analysis using drop of hemoglobin (continuous variable) as a dependent variable and age, race, body mass index (BMI), length of stay, BUN/creatinine, tube size (groups A and B), and comorbidities (hypertension, diabetes mellitus, coronary artery disease, cerebrovascular disease, chronic kidney disease, dyslipidemia, peripheral arterial disease) as independent variables. We used backward selection technique, and the best-fit model was selected after adjusting all the confounding variables. The level of significance was set at < 0.05 for variable in final model. Data were analyzed using the SAS 9.3 (the SAS Corporation, Inc., Cary, NC). Graphics were developed using Prism 6.04 (GraphPad Software, Inc., La Jolla, CA).
Results

Characteristics of the Patients. From January 2011 to
October 2011, a total of 4206 hospitalizations to general medical floor were reviewed and 621 hospitalizations met the inclusion criteria. A total of 142 patients out of 621 patients were found to have hemoglobin in the anemic range on hospital admission and were excluded from the analysis. A total of 479 patients who were not anemic during admission were included in the analysis. The effect of a smaller volume phlebotomy tube on the incidence of HAA was evaluated in two groups (276/479 in group A and 203/479 in group B) (Figure 1 ).
Patients were characterized based on their sex, demographic, comorbidities, length of hospitalization, and kidney function. Patients that were elderly (defined as age ≥ 65) had more comorbidities, longer hospitalizations, and a higher incidence of dehydration on admission (Table 1) . were 479 patients, 39 percent men (186/479) and 61 percent women (293/479). Between admission and discharge, 65% of patients (310/479 patients) dropped their hemoglobin by 1.0 g/dL or more, 63% of the men (118/186 patients) and 66% of the women (192/293 patients). Upon discharge, 49% of patients (234/479) developed anemia. On average, patients dropped their hemoglobin from 13.8 (on admission) to 12.4 gm/dL (on discharge) (Figure 2(a) ). Among this group, 37% (86/234) were men and 63% (148/234 patients) were women. The hemoglobin in men dropped from 14.45 to 13 gm/dL ( < 0.0001), while, in women, it dropped from 13.39 to 12.05 gm/dL ( < 0.0001) (Figure 2(b) ). However, the difference in the rate of anemia by gender was not significant ( = 0.36). On average, men and women dropped their hemoglobin by 1.4 and 1.3 g/dL, respectively.
The Drop in Hemoglobin after
An age-group analysis showed that 54% (138 out of 255) of patients aged ≥ 65 years became anemic during hospitalization compared to 42% (96 out of 224) of patients aged < 65 years ( = 0.01).
Difference in Change of Hemoglobin before and after
Decreased Volume Tube Implementation. Eleven percent of blood draws in this hospital included BMP, in which the volume of phlebotomy tube was reduced from 8 cc to 4 cc. The decrease in hemoglobin between admission and discharge did not differ significantly between group A and group B (1.44 ± 1.09 versus 1.29 ± 0.92, = 0.214) (Figure 2(c) ).
Multivariate Analysis of the Drop in Hemoglobin.
We performed multiple linear regression analysis on patients to evaluate factors contributing to the drop in hemoglobin. Even though elderly patients had a higher incidence of HAA compared to the younger counterparts, after adjusting with other factors, such as comorbidities and body mass index, the difference was not statistically significant. After adjusting the age, sex, length of hospitalization, BUN/creatinine ratio on admission (to evaluate the effect of dehydration), comorbidities, and BMI, we found that the two main factors which can predict the drop in hemoglobin in hospitalized patients were the length of stay and BMI. One-day increase in length of hospital stay decreases the hemoglobin by 0.06 (±0.03) mg/dL under the assumption that the other variables are held constant. Using the same statistical constraints, an increase in BMI by 10 would decrease the drop of hemoglobin by 0.1 mg/dL (Table 2) . (Figure 2(a) ). The drop in hemoglobin between admission and discharge by sex categorization. Both men and women dropped their hemoglobin significantly (Figure 2(b) ). Implementation of smaller tube did not significantly reduce the change in hemoglobin (Figure 2(c) ).
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Discussion
There have been few studies evaluating incidence of anemia during admission to a general medical floor. Our study is the first to demonstrate that decreasing the volume of blood used for phlebotomy failed to decrease the incidence and severity of HAA. Hospitalization is associated with a significant decrease in hemoglobin. In our study, about 65 percent of patients dropped their hemoglobin by at least 1 gm/dL or more, and 45 percent of patients became anemic during hospitalization. Patients who had longer hospitalization and those who had lower BMI had a greater decrease in hemoglobin.
Patients admitted to the hospital may also have dehydration due to their medical conditions. These patients often received intravenous hydration, which may cause hemodilution leading to a reduction in hemoglobin [7, 8] . In our study, BUN/creatinine ratio, which is considered a surrogate indicator for hydration status, did not have significant effect on drop of hemoglobin.
The mechanism of hospital-acquired anemia may depend upon the amount of blood draws for diagnostic studies as well as decreased red cell production secondary to the patients associated comorbidities. The patients primary illness could include inflammation or infection with a decreased RBC production commonly referred to as the anemia of chronic disease. The high frequency of anemia developing during hospitalization suggests that both decreased production and high volume of blood withdrawn for diagnostic purposes contribute to the anemia.
The results of our study were similar to previous studies showing that length of stay is an important predictor for the development of HAA [9] . The reported incidence of HAA from previous studies varies from 25% to 74%, depending on the study population (i.e., acute coronary syndrome and kidney disease) [3, [9] [10] [11] .
Our findings supported the theory that the amount of blood drawn correlates with the development of HAA. The longer the patients were hospitalized, the more likely they would have increased amounts of blood draws. Using smaller volume tubes for BMP, which constituted only 11% of blood draws in this institution, did not significantly affect the drop of hemoglobin. However, the effect might have been significant if the smaller tube was applied to a larger proportion of blood drawn (i.e., complete blood count or cardiac enzymes).
Potential limitations of this study are that it was retrospective and did not include serial measurements of reticulocytes as an index of red cell production. We also did not measure the exact amount of blood lost during phlebotomy as well as the frequency of phlebotomy and timing in each patient. This study was performed in single institution and may not be applicable to other clinical centers. We are aware of variability for the development of HAA among medical institutions. A recent study showed that teaching institutions had a lower risk of HAA [12] .
In conclusion, our study confirms that hospital-acquired anemia is common. Almost half of our studied hospitalized patients developed HAA. Patients with longer hospitalization and those with lower BMI are at higher risk of developing HAA. More aggressive strategies, such as reducing the frequency of blood draws and expanding the use of smaller volume tubes for other laboratory panels, may be helpful in reducing the incidence of HAA during hospitalization. It is important for physicians to be aware of HAA and to reduce unnecessary blood draws that may contribute to the high incidence of HAA.
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